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Silicification of Corals, Stromatoporids, and Brachiopods at the Weathered Surface 
Within the Devonian-Age Little Cedar Formation (Solon and Rapid Members) 1n 
Eastern Iowa 
ADAM 1. MAJESKI 
Department of Geology, Utah State University, Logan, Utah 84341 
PAUL 1. GARVIN 
Department of Geology, Cornell College, Mount Vernon, Iowa 52314 
Diagenesis of fossils contained in middle-Devonian limestones was studied at the Troy Mills and Robins quarries in Linn 
County, Iowa and at the Four County and Ernst quarries in Johnson County, Iowa. Fossils located at weathered bedrock surfaces 
were preferentially silicified, and the silicification affected corals, stromatoporids and, to a limited extent, brachiopods, but not 
other fossils or the host rock. The siliceous horizon extends no more than a few centimeters below the weathered surfaces, 
suggesting that silicification was constrained by them. Silica for silicification might have come from a variety of sources, 
including sponge spicules or radiolarian tests, insoluble residues (fine-grained quartz and clay minerals) contained within the 
host carbonate rock, sediment deposited over the area that was subsequently eroded, or from weathering and alteration of clay 
minerals contained in paleokarst-hosted Pennsylvanian fluviatile sediment. A change in pH or other chemical variable(s) in 
upward- or downward-moving fluids, at the interface between Devonian carbonate rock and adjacent Pennsylvanian fluviatile 
sediment, could have created an environment favorable for silica precipitation. The extent of silicification of different fossils was 
likely controlled by variations in permeability of skeletal material. Mineral diagenesis began with precipitation of euhedral 
microcrystalline calcite, followed by three types of quartz (megacrystalline quartz, chalcedony and microcrystalline quartz), and 
ended with anhedral coarse-grained calcite. The position in the paragenetic sequence of rare chert and dolomite could not be 
determined. 
INDEX DESCRIPTORS: Devonian, fossils, minerals, silicification. 
Throughout Linn and Johnson counties in Iowa, exposed 
bedrock is composed of mostly Devonian-age strata. At the 
Robins and Troy Mills quarries in Linn County, and at the Four 
County and Ernst quarries in Johnson County (Fig. 1), rocks of 
the Little Cedar Formation form the bedrock surface. These 
Devonian-age rocks are overlain unconformably by Pleistocene 
glacial deposits, and they also contain deep channel cuts and karst 
features, including sinkholes containing fluviatile sediment, 
which is probably early Pennsylvanian in age. At the weathered 
bedrock surface, fossils, mainly corals, have been partially to 
completely silicified, while other fossils and the carbonate host 
rock show little or no silicification. Based on preliminary field 
reconnaissance, this silicification appears to be confined to the 
weathered surface. 
These observations have generated the following questions. 1) 
Is the silicification limited to the weathered bedrock surface? 2) 
What was the source of the silica? 3) If the answer to 1) is 'yes', 
why is precipitation of silica confined to the weathered bedrock 
surface? 4) Why are certain fossils silicified, but not others or the 
host rock? 5) What do the forms/habits of silica present tell about 
the environment of precipitation, and how are they related 
spatially and temporally? 6) What other diagenetic mineraliza-
tion affected the fossils, and how are these minerals related 
spatially and temporally to the silicification? 
GENERAL GEOLOGY AND PALEONTOLOGY 
Devonian 
All Devonian rocks studied in this report belong to the Little 
Cedar Formation, which consists of the Solon and Rapid Members 
(Fig. 2). The Solon is composed primarily of fossiliferous 
limestone, which is locally brecciated due to the dissolution and 
collapse of evaporites in the underlying Wapsipinicon Formation 
(Witzke and Bunker 1994). The basal Solon contains sand-size 
quartz and chert, derived from the reworking of the Wapsipinicon 
(Anderson 1998). Progressing upward, a brachiopod-rich zone is 
encountered. It comprises approximately the lower half of the 
Solon, and is referred to as the Independensis Zone because of the 
abundant Independatrypa independensis found there (Kettenbrink 
1973, Witzke and Bunker 1994). The upper beds of the Solon 
contain well-developed coral biostromes, which are characterized 
by an abundance of Hexagonaria profunda and are therefore 
designated the Profunda Zone (Kettenbrink 1973, Witzke and 
Bunker 1994). They are generally not laterally extensive, when 
compared to biostromes of other members in the Little Cedar 
Formation (Kettenbrink 1973). 
The Rapid Member in east-central Iowa is the most commonly 
exposed, and the most lithologically and faunally homogeneous, 
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member of the Little Cedar Formation (Kettenbrink 1973, 
Witzke and Bunker 1994). It shares many characteristics with 
the underlying Solon, but it is generally more argillaceous 
(Witzke and Bunker 1994). In east-central Iowa, the Rapid 
contains numerous well-developed coral-stromatoporoid bio-
stromes (Anderson 1998). In the area of study, fossil assemblages 
are dominated by brachiopods, stromatoporids and marine worm 
tubes. Arthropods, sponges, algae, and phosphatized fish remains 
are less common. Observations of hand samples from localities 
featured in this report show an abundance of brachiopods, corals 
(both colonial and solitary), echinoderms (crinoids), and 
stromatoporids. Scattered bryozoan fragments were also encoun-
tered (Fig. 3). 
Pennsylvanian 
Athough exposures of Pennsylvanian rocks in Linn and 
northern Johnson counties are mostly confined to karst and 
stream channel fills, these rocks are believed to have been laterally 
extensive across the general area (Bunker et al. 1976). Based on 
analyses of miospores, Pennsylvanian rocks in ease-central Iowa 
are considered to be Morrowan in age (Ravn and Fitzgerald 1982, 
Ludvigson 1985). The Morrowan in eastern Iowa is represented 
by the Cherokee Group, which is dominated by primarily elastic 
sedimentation and comprises carbonaceous shale, clay, and 
siltstone (Lemish et al. 1981). The Cherokee is composed of 
systematically-varying lithologies representing numerous trans-
gression-regression events during its depositional history (Lemish 
et al. 1981). The group also contains several coal beds, which are 
of economic and stratigraphic importance, as well as thin 
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Fig. 2. Generalized stratigraphic sequence of middle Devonian 
rocks in eastern Iowa. (modified from Bunker et al. 1985). 
During the lace Mississippian and early Pennsylvanian periods 
the inland sea retreated, exposing the Mississippian strata to 
a period of erosion (Anderson 1998). Throughout the two 
counties in which the exposures of interest are located, this 
erosion completely removed all Mississippian strata, and 
Pennsylvanian sediments were deposited unconformably on 
Devonian- and Silurian-age rock. Scream erosion and karst 
activity during the late Mississippian and early Pennsylvanian 
periods cue into chis weathered surface. The Desmoinesian Series 
(mid-Pennsylvanian) represents the oldest Pennsylvanian strata in 
eastern Iowa and the one that rests on Devonian and older 
bedrock. The general environment in which this series was 
formed is thought to have been similar to that of the lowlands of 
present day Louisiana. Low deltaic plains and coastal swamps 
were numerous, and they produced vegetation that was essential 
to the formation of the Desmoinesian Series coal beds (Anderson 
1998). Terrigenous sediments were supplied from the Appala-
chian and Ouachita mountains to the east and south respectively, 
and from the Canadian Shield to the north (Anderson 1998). This 
sediment drained through sinkholes into cavities in the 
limestone, forming the karsc fills that are widespread throughout 
Devonian-age rocks in eastern Iowa. 
PREVIOUS RESEARCH 
In his study of the depositional history of the Cedar Valley 
Formation, Kectenbrink recognized chat silicificacion was a minor 
but recognizable element throughout the formation, and that the 
Rapid Member contained the most and the best examples. He 
reported brachiopods as the most commonly replaced fossils and 
rugose corals as the least (Kettenbrink 1973). 
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Fig. 3. Representative fossils at the ~es• a. lndepemlatiypa inde~sis~ b. Spi114trypa, ~p.; c. bryozoan; d. cdnoid; e. Zaphrentis, 
sp.; f. Favos#es, sp.; g. Hexag<>nt1/l'ia, sp.; h. stro~toporid; i. Heliophyllum balli. Scale bm:s .. = l · qn; 
During the past fifty years the c<;>mplex behavior of silica 
during diagenesis has received increased . attention. Folk and 
Pittman (1971) provided data on the conditions necessary for 
silica replacement of carbonate. Maliva and Siever (1988) studied 
fossil replacement as controlled by force of crystallization. They 
suggested that the growth of the silica phase creates pressure at 
the silica/carbonate contact, and increases the Gibbs free energy, 
which in turn increases the solubility of shell calcite. They also 
examined the influence of shell microstructure and pore water 
silica· concentrati<:>n on the replacing form of quartz, Knauth 
(1979) proposed a m<:>del by which chert in limestone might be 
explained. He hypothesized that mixing meteoric and marine 
waters could cause supersaturation with respect t() silica, and 
undersaturation with respect to calcite. Towe (1962) and Grim 
(1968) addressed the roles of day minerals as potential sources of 
silica. Kidder and Erwin (2001) examined temporal distribution 
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of silica-replaced fossils and attempted to correlate it with 
extinctions and climate change. Lovering (l in his study of 
the origin of jasperoid in limestone, provides important 
quantitative data concerning rhe solubility and other behaviors 
of silica at various temperature, pressure and pH conditions. 
Work by Lindholm 0974), and Buschaert et al 
background information concerning the formation and 
various calcite cements. 
FIELD OSERVATIONS 
Troy Mills Quarry 
Troy Mills Quarry is located in north-central Linn County 
(Fig. 1). The upper part of the guarry, which includes the 
weathered top, exposes rocks of the middle Rapid Member. 
Overlying the bedrock is Pleistocene material, consisting 
of very coarse sand and grave! that conmins iron oxide cement and 
copcretionary masses. Brachiopod and coral fossils appear to be 
segregated into discrete horizons, with brachiopods appearing 
stratigraphically below corals. 
Of the quarries visited, Troy Mills shows the greatest 
occurrence of silicified brachiopods. Silicified coral abundance 
is comparable to that at the other iocations, The weathered 
surface shows some relief (1 to 2 meters), but it is less than at the 
other locations. Dissolution of limestone is conspicuous at the 
weathered surface and results in scalloped surfaces on field 
exposures and small pits in hand samples (Fig. 4). Fossils, 
silicified or not, stand our in relief. Pennsylvanian karst fills were 
not observed at Troy Mills. Silicification is apparent only at the 
weathered surface, and affects corals, stromatoporids and 
brachiopods. 
Robins Quarry 
Robins Quarry is located in central Linn County fowa near the 
town of Robins (Fig. 1). The portion of the quarry observed and 
sampled was the north end, where the limestone bedrock surface 
Fig. 4. Dissolution pits in partially silicified coral, Troy MiHs 
Fig. 5. Contact between Devonian rocks and Pleistocene glacial 
mawrial, showing surface relief, Robins Quarry. 
(Solon) was exposed by quarrying operations. The surface shows 
considerable relief (Fig. 5), and is dissected by dissolution 
channels that are as much as 3 meters wide, 2 meters deep and 
tens of meters long (Fig. The channels are filled with 
Pleistocene glaciai rill (oxidized and unoxidized) and minor 
Pennsylvanian fluviatile sediment. Localized dissolution-en-
larged, fracture-controlled cavities, also containing Pennsylvanian 
sediment, are exposed at all levels in the quarry. Immediately 
above the bedrock surface, materials contain si!icified 
fossil fragments that appear to have been scoured from the 
subjacent bedrock. Fossiis stand out in relief on weathered 
limestone surfaces that exhibit dissolution pits. Separarion of 
brachiopods and corals in different horizons is less pronounced 
than at Troy Mills. Both corals and stromawporids are silicified, 
brachiopods tnuch less so. Fossils standing our in relief on the 
walls of the dissolution channels are mainly brachiopods and they 
are unsilicified (Fig. 7). 
Quarry. Fig. 6. Dissolution channels in bedrock surface, Robins Quarry. 
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Fig. 7. Unsilidfied b:rachiopods in relief on wall. of dissolution 
channel, Robins Quarry. 
Fou:r County Quar:ry 
Four County Quarry is located in northwest Johnson County, 
very near the Linn-Johnson county line (Fig. 1). At the time of 
this study, stripping operations at the east end of the quarry had 
exposed a large area of weathered bedrock surface which afforded 
excellent field observations and sampling opportunities. The 
bedrock surface comprises the middle Rapid Member, which is 
overlain by oxidized Pleistocene glacial till. Bedrock surface relief 
is as much as a meter. Dissolution. of limestone is evidem~ed by 
pitted and scalloped surfaces and. by rounded limestone dasts, 
tens of centimeters acrpss, that .are contained within the glacial 
till. Silicified fossils are abundant at the weathered surface, and 
they consist mainly of corals. Brachiopods (which as at Troy Mills 
appear stratigraphically below corals) show no silicification. 
Silicified fossils are found within the overlying Pleistocene till, 
indicating that they were scoured up into it. 
Ernst Quar:ry 
Ernst Quarry is located in east-central Johnson County 
(Fig. l).The bedrock surface (mid to upper Rapid Member) was 
mostly covered, thus observation and sampling were limited. 
Where exposed, the surface exhibits low relief, and is in contact 
with Pleistocene till. Dissolution pits and small channels are 
present on the bedrock surface and in rock fragments. A small 
number of silicified brachiopods and one or two small, silicified 
coral fragments were found at the weathered surface. Fossils 
standing in relief on the walls of the dissolution channels are 
mainly brachiopods and, as at Robins Quarry, they are 
unsilicified. 
METHODS OF INVESTIGATION 
Selected samples were cut into slabs approximately 2 cm thick. 
One slab was stained with Alizarin Red-S, in order to accentuate 
the difference between silicified (white) and unsilicified (red) 
parts of the slab. Thin sections were prepared from unstained 
slabs for observation with a standard petrographic microscope. 
Hand specimens and thin sections were photographed using 
a digital camera and an image analyzer. 
RESULTS 
Hand Sample Obse:rvations 
Silicification favors corals, specifically Hexagonaria sp., Favosites 
sp., Zaphrentis sp., .and Heliophyl(Jm halli, .and stromatoporids 
(Fig'. 8a-t}. Brachiopods generally are unsiltcified, except for 
select individuals found at Troy Mills (Spinatrypa sp., and 
Mucrospirifer sp.) and at Robins (Atrypa sp.}. Areas of silicification 
stand out in sharp relief ·against the surrounding rock 
(Fig. 8e,f,h): Btyozoa and crinoid ossicles, though also standing 
out in relief, show no evidence of silicification. Silicification of 
corals appears as fillings of septal voids and replacements of septal 
walls. From observations of the stained slabs, it is clear that 
silicification is confined to within no more than 6 centimeters of 
the bedrock surface (Fig. 9a-e). 
Silicification of brachiopods appears as partial replacement of 
shell material (Fig: 8h): Siiicified areas stand out in relief; the 
portions of the fossils extending into the host rock are 
unsilicified. 
Srromatoporoid. !lilicification also appears to be a partial 
replacement of calcareous fossil material (Fig. 9d). Stromatopor-
ids often .encrust coral, and where this occurs both show evidence 
of silicification. 
Silicified limestone host rock was not observed in any of the 
quarries. Extensive dissolution of limestone exposes and 
commonly undercuts silicified corals to such an extent that the 
silicified portions detach and crumble (Fig. lOa). These observa-
tions make it apparent that these fossils would be very prone to 
breaking apart during erosional events, such as glacial scouring. 
Some of the corroded surfaces and associated fossils show evidence 
of heavy iron staining (Fig. lOb). 
Thin Section Analysis 
Quartz 
Silicification of corals and stromatoporoids consists primarily 
of fillings of open spaces within the skeletal structure (Fig. l la-
e). Silicification of brachiopods involved partial replacement of 
shell laminae (Fig. llf,g). Locally there is evidence of a replacing 
front where quartz terminates against calcite, and the quartz 
forms a thin, ribbon-like band at the contact (Fig. l lc-d). Four 
forms of quartz were observed: megacrystalline (megaquartz), 
microcrystalline (microquartz), microfibrous (length-slow chal-
cedony) and microgranular (chert). 
Megaquartz is composed of crystals mnging from about 0.5 to 
5 mm in size, and in colonial corals it often exhibits poikilotopic 
behavior, meaning that a single quartz crystal fills several septa! 
voids (Fig. 1 la-e,g). Where filling of a void is not complete 
quartz crystals have euhedral terminations. These euhedral faces 
may be framed by either chalcedony or microquartz (Fig. lla). 
Megaquartz does not replace coral septal walls, except, un-
commonly, where replacing fronts are involved (Fig. l lc-d). 
Extensive void filling of corals and stromatoporids results in 
pseudomorphic preservation of skeletal structures. 
Unlike megaquarrz,. chalcedony replaces fossil skeletal mate-
rial. In corals, it replaces septal walls, and in areas of extensive 
replacement, preservation of original skeletal structure is poor 
(Fig. l la-b). Chalcedony also fills septa! cavities in corals, and 
here it exhibits a botryoidal habit. It is the dominant form of 
silica in brachiopods, where it partly to completely replaces shell 
laminae (Fig. llf). Preservation of shell structure is generally 
poor. 
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Fig. 8. Megascopic views of silicified fossils from the quarries. a. Hexagonaria, sp., Troy Mills Quarry; b. Hexagonaria, sp., Robins 
Quarry; c. Favosities, sp., Robins Quarry; d. Zaphrentis, sp., Robins Quarry; e. solitary corals, Troy Mills Quarry; f. solitary and colonial 
corals, Four County Quarry; g. stromatoporids, Robins Quarry; h. brachiopods, Troy Mills Quarry. 









Fig. 9. Slabs stained with Alizarin Red S to highiight areas of si!icification. a. Hexagonaria, sp., Four County Quarry; b. Heliophyllum 
halli, Four County Quarry: c. branching coral, Troy Mills Quarry; d. stromatoporids, Troy Mills Quarry; e. brachiopod, Robins Quarry. 
Scale bars = 2 cm. 
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Fig. 10. Post-silicificatio11 ~eatlt~~olf'l~s. a.(»rroded He:x:agonaf"ia, 
base; b. iron oxide stain on cott00ed•ctltal· !lutfitce. 
Microquattz is composed Gf crystals less than 0.5 mm across. 
Like megaquartz, it acts. as a void fill, .and it commonly grades 
into chalcedony (Fig. 12a=c). 
Chert is rare in these samples, having been observed in only 
two of the 40 thin sections eritnined. 
Calcite 
Three forms of calcite were observed in thin section: 
microeuhedral, microanhedral, and megaanhedral. 
Microeuhedral calcite consists of long prismatic crystals that 
are less than 1 mm in length. They commonly line septal voids in 
corals, and they are preserved where these voids were sub-
sequently filled with megaquartz or chalcedony. In some cases the 
euhedra are pseudomorphically replaced by chalcedony. These 
tiny fragile crystals are absent in voids that. were unfilled with. 
quartz or later calcite (Fig. lla-d, 12a-b). 
Mega-anhedral calcite consists of large, blocky, crystals that 
range from about a half millimeter to several millimeters across. 
It fills septa! voids that were not previously filled with quart;z. 
Commonly it replaces and obliterates original fossil textures 
(Fig. l 2a-b). In voids filled by mega-anhedral cal.cite, evidence of 
the earlier microeuhedral crystals is rarely observed (Fig. 12a-b). 
Large calcite crystals are seen in the matrix, where earlier calcite 
has recrystallized. Some of the largest cal.cite crystals .also fill 
fractures in the limestone matrix (Fig. 12c). · 
Micro-anhedral calcite consists of grains that are less than 
0.5 mm across. They comprise the limestone matrix. Locally, 
a gradational relationship exists between micro-anhedral and 
mega-anhedral calcite. 
Dolomite 
Dolomite was observed in a single sample from the Four 
County Quarry. It appears as small, zoned euhedral rhombohedra 
in a micro-anhedral calcite matrix (Fig. 12d). To confirm its 
identity, 10% HCl was applied to the surface of the chip from 
which rhis th.in section was made. The·1iny rbombs stand out in 
relief because of their greater resistance to dissolution. 
INTERPRETATIONS 
Based on the results of field and hand sample observations, and 
thin section analysis, the questions earlier posed can now be 
addressed. 
1. Is the silidfication limited to the weathered 
bedrock surface? 
Silicification of fossils is dearly confined to within no more 
than 6 centimeters of the weathered surface at all four quarries. 
Silicification that is not confined to weathered surfaces has been 
reported in Devonian rocks in eastern Iowa (e.g., Kettenbrink 
1973); however, we did not find any at the four quarries we 
studied. 
2. What was the source of the silica? 
Silimus skeletal material 
Radiolarians and sponge spicules are commonly considered to 
be the principal source of diagenetic silica in carbonate rocks of 
the Mid-continent atea (Schubert et al. 1997, Kidder and Erwin 
2001). Based· on out observations of thin sections, there is no 
evidence of tests or spicules, or voids created by their dissolution. 
However, these organisms are known to have been present during 
Devonian time in Iowa; therefore, these siliceous remains cannot 
be ruled out as a possible source of silica. 
Pleistocene glacial material 
Pleistocene till lies in contact with the weathered surface at all 
of the quarries we studied. It also contains a large amount of day-
sized quartz and clay minerals, which are potential sources of 
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Fig. 11. Photornicrographs of thin sections showing quartz/quartz and quartz/calcite relations. a. rnegaquartz with euhedral crystal 
terminations filling a septa! void in coral, overgrown with chalcedony; b. drawing of (a); c. euhedral calcite lining septa! voids that were 
subsequently filled with megaquattz, showing contact with megacalcite; d. drawing of (c); e. spatial relations between megaquartz, 
microquartz and chalcedony; f. replacement of brachiopod shell by chalcedony; g. preservation of septa! voids in coral by filling with 
megaquartz, contrasting with lack of preservation by rnegacalcite. All thin sections viewed under crossed polars. CH=chalcedony, 
EC=euhedral calcite, MC=megacalcite, mC==microcalcite, MQ=megaquattz, mQ=microquartz, SW=septal wall. Scale bars == 0.25 mm. 
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Fig. 12. Photomicrographs of thin sections showing qullrtz and carbonate mineral relations. a. microquartz and megacakite filling 
a septa! void in coral; b. drawing of (a); c. megacakite filling void lined with chakedony and microquartz; d. euhedral dolomite 
rhombohedra. Ali thin sections viewed under crossed polars. CH=chakedony, EC:::;;:euhedral calcite, MC=megacakite, mC=microcalcite, 
mQ=microquartz, SW=septal walL Scale bars = 0.25 mm. 
silica. However, silicified fossils were found within the till above 
the weathered surface at the Robins and Four County quarries. It 
appears that the fossiis were scoured off the weathered surface and 
incorporated into rhe till, implying that silicification preceded 
glacial scouring at d1ese rwo localities. The lack of observable 
contacts between till and bedrock at the other nvo quarries 
prevented this interpretation. 
sediment in limestone host mcks 
T errigenous sediment contained in the Solon and 
limestones is another possible source of silica. Residues from 
HCl digestion of 30 samples from the Solon member at Robins 
Quarry range from 6 to 12 percent. Residue mineral 
composition, determined by x-ray powder diffraction, is virtually 
all clay-size quartz and illite (Paul Garvin, unpublished data). 
The Solon Member averages about 5 m thick in east-central Iowa 
(Bunker et al. 1985, Witzke and Bunker Considering the 
areal extent and thickness of the Solon and the limited extent of 
silicification, the dissolution of limestone and the mobilization of 
a very few percent of the silica from the insoluble residue would 
generate an supply for silicification of the fossils. Although 
similar analyses of the Rapid Member have not been performed, 
the argillaceous nature of the Rapid indicates that the insoluble 
residue content is higher. The Rapid is also thicker than the 
Solon. The presence of abundant karst in these carbonate rocks 
to cave-sized openings and dissolution-enlarged fractures) 
provides evidence for dissolution. 
Prior to post-Pennsylvanian erosion, fluvio-deltaic sediment is 
believed to have overlain Devonian rock throughout eastern Iowa 
(Anderson 1998). Direcr evidence for Pennsyl;anian karst-filling 
sediment is found in two of the four quarries we studied (Robins 
and Four County). During Pennsylvanian time, much of this fine-
grained sediment was supplied from the Appalachian and 
Ouachita mountains, to the east and south, respectively, and 
from the Canadian Shield to the north (Witzke and Bunker 1994, 
Anderson 1998). Because the sediment sources were primarily 
igneous in nature, the weathering of the aluminous minerals 
would have produced days and free silica. As igneous rock 
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weathers it can produce smectite, kaolinite or illite depending on 
the levels of magnesium and potassium originally present in the 
rock as well as on the climate (temperature and precipitation) in 
the weathering environment (Grim 1968). As these clays 
weathered in the tropical climate that is believed to have existed 
in Iowa during the Paleozoic, magnesium might have been 
removed causing the clays to break down. Aluminum might then 
have been concentrated at the surface forming bauxite, and silica 
could have been leached our and carried away (Grim 1968). 
Evidence of bauxite has not been found in Iowa, but because most 
of the Pennsylvanian material has been eroded away, its former 
existence cannot be ruled out. 
Silica might also have been released from the Pennsylvanian 
clays, and/or from clays contained in the Solon and Rapid 
terrigenous sediments, through alteration of smectite and/or 
illite-smectite to illite (Towe 1962). Replacement ofSi4+ by Al3+ 
seems to be required to fix potassium in the conversion of 
montmorillonite to illite. Provided this change cannot be caused 
by any other means than substitution in the tetrahedral Si4+ site, 
silica will be released (Towe 1962). Furthermore, montmorillon-
ite formation is encouraged in a weathering environment where 
magnesium is released from the parent rock but not rapidly 
removed, namely in environments where marine shales are 
formed (Towe 1962). The transgressive/regressive cycles during 
Pennsylvanian time generated numerous shales. Importantly, 
shale intervals occur at the base of the Cherokee Group and also 
within the Marmaton Group, which shows that marine shale-
forming environments persisted during the creation of the 
contact between Devonian and Pennsylvanian strata (Anderson 
1998). Once the silica was released, by either of the above-
described mechanisms, water moving downward could have 
carried it to the weathered surfaces. 
Silica solubility would have been higher if the ground-
water percolating through the rocks had been heated. It has 
long been known that the extensive mineral deposits of the 
Upper Mississippi Valley Zinc-Lead District (UMV) were 
formed by late Paleozoic hydrothermal processes (Heyl et al. 
1959), with maximum temperatures in excess of 200°C (McLi-
mans 1977). Minor mineral occurrences that show similarities 
to UMV main district deposits are scattered throughout east-
central Iowa (Heyl and West 1982, Garvin et al. 1987, Garvin 
and Ludvigson 1993). Mineral-forming temperatures, as de-
termined by fluid inclusion analysis, for a carbonate rock-hosted 
deposit exposed at the Martin-Marietta Cedar Rapids Quarry 
in southern Linn County, ranged from 50° to 90°C (Garvin 
1984). 
Other rocks no longer present 
Jurassic sediments deposited during the Sundance Cycle 
may have covered northeast Iowa during a time of arid condi-
tions (Ray Anderson, personal communication). Today, the Fort 
Dodge Formation in northwest Iowa represents strata of this 
age, is restricted entirely to Webster County, IA, and is known 
for its deposits of economically important gypsum (Witzke 
1997). Following Pennsylvanian and Jurassic sediment de-
position and erosion throughout northeastern Iowa, sedi-
ments of the Cretaceous Greenhorn Cycle probably covered the 
area (Ray Anderson, personal communication). Finally, Quater-
nary siliciclastic sediments and some volcanic ashes probably 
covered much of northeast Iowa during a large portion of 




_J SiO, amorph. -0>200 
E 




0 ... ----..----.----.... ----..---... --....... --......... 
5 6 7 8 9 10 11 
PH 
Fig. 13. Solubility of amorphous silica expressed in units of mg 
of Si02 per liter of pure water at 25° C, with respect to pH. 
(modified from Faure, 1991). 
3. Why is precipitation of silica confined to the Devonian 
weathered surface? 
One possible explanation is that it precipitated due to a lowering 
of pH. Silica solubility is strongly influenced by pH, being highest 
in alkaline solutions (pH > 9) (Fig. 13) (Lovering 1962). Smec-
tite can be formed from the weathering of basic igneous rocks with 
high magnesium content, provided that the released magnesium 
stays in the weathered zone (Grim 1968). Alteration of smectite to 
illite would release silica into a high-pH fluid caused by the 
presence of magnesium. As the high-pH waters reached the contact 
between the Pennsylvanian sediment and the Devonian strata, pH 
could have been decreased due to the interaction of a more basic 
fluid with a less basic rock. The pH in the precipitating 
environment is estimated to be between 6 and 9. In thin section, 
the presence of the fragile, pre-silicification, euhedral calcite void 
linings suggests that pH was not lower than 6, otherwise these tiny 
and fragile crystals would almost certainly have been dissolved as 
silica was being precipitated. 
Silica might have precipitated at the Devonian weathered 
surface in response to a change in pore water silica concentration. 
This could have occurred via a meteoric/marine ground water 
interface where the mixing fluids are of different temperature, 
C02 partial pressure and silica and carbonate concentrations 
(Knaurh 1979). 
4. Why are certain fossils silicified, but not others or the 
host rock? 
One explanation is varying fossil and host rock permeability. 
Corals and stromatoporids are the most abundantly silicified 
fossils at all four localities. The open structure of both solitary 
and colonial corals would have enabled easy access of silica-
bearing fluids. The majority of coral silicification is void 
fillings, which would have been encouraged by the numerous 
and sizeable septa! voids in the coral structures. There is strong 
98 )OUR. IOWA ACAD. SCI. 113(2008) 
evidence that these voids did not fill with mud prior to 
silicification. Pores within, and spaces between, growth layers in 
stromatoporids also render this skeletal material quite perme-
able. The compact interlayering of calcite and proteinaceous 
material in the brachiopods would have inhibited fluid access; 
hence, silicification is limited in these fossils. The complete 
absence of silicification of crinoid ossicles and the limestone 
matrix might be explained by their very low permeability. 
Although these limesrones are fractured and locally cavernous, 
their micritic nature would have inhibited pervasive fluid 
access. 
Selective replacement of fossils might also be a consequence of 
variations in the sizes of calcite or aragonite crystals in the 
skeletal material. Large crystals in crinoid ossicles, with smaller 
surface area to volume ratios and lower surface free energies, 
would be replaced less easily than small crystals in corals and 
stromatoporids with larger surface area to volume ratios and 
higher surface free energies. However, it should be remembered 
that in this particular case the small crystals in coral septal walls 
are more often not replaced by silica. 
Selectivity in silicification might also result from unknown 
differences in the chemical characteristics of the skeletal 
materials. 
5. What do the various forms of silica tell about the 
environment of precipitation and how are the forms related 
temporally and spatially? 
Megaquartz is the first mineral in the paragenetic sequence of 
silicification. It is attached to septal walls in coral and to 
growth layers in stromatoporids. Where it does not completely 
fill a septal void, megaquartz crystals exhibit euhedral 
terminations. The poikilotopic character of the megaquartz 
filling voids in corals indicates that growth was uninhibited by 
the septal walls. These large-domain quartz crystals reflect low 
rates of nucleation and high rates of growth, suggesting that the 
silica concentration in the precipitating fluid was low (Folk and 
Pittman 1971). The poikilotopism suggests that the silica was 
in the form of ionized single tetrahedra, possibly due to a high 
pH. The smaller size of the single ionized tetrahedral (as 
compared with polymerized Si(OH)4 groups that tend to form 
in lower-pH environments), would have allowed the silica to 
move more easily through openings in septa! walls (Folk and 
Pittman 1971). 
Length-slow chalcedony is the next quartz mineral to form in 
these deposits. It lines and fills voids in corals and stromatopor-
ids, and it is perched upon and encloses megaquartz. It is the 
only silica mineral that replaces fossil material significantly. The 
formation of this cryptocrystalline material suggests relatively 
high rates of silica nucleation and concentration of soluble silica. 
The length-slow nature of the chalcedony suggests that it was 
formed from a high-pH solution, and by single, ionized silicon-
oxygen tetrahedra (Folk and Pittman 1971), under which 
conditions precipitation occurs one at a time instead of in 
polymerized groups. As individual tetrahedra attach to a growth 
surface, their shape encourages the generation of fibers, the axes 
of which are normal to the growth surface, the crystallographic c-
axis coinciding with the fiber axis (Folk and Pittman 1971). 
Growth from two-dimensional planar surfaces generates parallel 
fibrous aggregates. Growth from zero- or one-dimensional 
surfaces results in radial acicular aggregates. Where replacement 
of skeletal material occurs, as stated above, single ionized silica 
tetrahedra are small in size and can more easily penetrate the 









Fig. 14. Sequence of mineral diagenesis. 
pores of the fossils, thus allowing them exposure to greater fossil 
surface area. This exposure, combined with a high silica 
concentration and a large number of nucleation sites, would 
increase the likelihood of fossil replacement. 
Microquartz appears next in the sequence. Commonly, 
chalcedony grades into microquartz, the gradational change 
likely being a consequence of decreasing silica concentration in 
the waters moving through the rock (Folk and Pittman, 1971 ). 
These relations suggest that precipitation might have occurred 
under closed-system conditions. 
Microgranular quartz (chert) is rare in these deposits, as 
previously stated. Lack of contact of chert with other silica phases 
prevented us from determining its position in the paragenetic 
sequence. 
6. What other diagenetic processes have occurred and how 
are they related temporally and spatially to silicification? 
In addition to silicification, diagenetic calcification altered the 
fossils and their host rocks. Euhedral calcite, which lines septa! 
voids in corals, provides the earliest evidence of mineral 
diagenesis, as it precedes all other minerals, including mega-
quartz. Large anhedral calcite crystals came last in the sequence. 
This calcite fills, replaces and obliterates nearly all portions of 
fossils not preserved by silicificarion. Where anhedral calci re fills 
septa! voids in corals that were previously lined with euhedral 
calcite crystals, but were otherwise empty, the crystals are often 
preserved. Dolomite, like chert, is rare and does not occur in 
contact with other diagenetic minerals. Figure 14 illustrates the 
generalized sequence of formation of all diageneric minerals 
observed at the four localities. 
CONCLUSIONS 
The silicificarion of Devonian fossils at the four quarries we 
studied appears to be confined to weathered bedrock surfaces. 
Silica for filling and replacement of skeletal material might have 
come from a variety of sources. Terrigenous sediment contained 
in limestone host rock and/or Pennsylvanian fluvio-deltaic 
sediment deposited on weathered limestone surfaces could have 
provided abundant silica for diagenesis. Decrease in pH, 
reduction in temperature, and/or other physico-chemical change<; 
of the silica-transporting fluid might have caused precipitation. 
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Variations in the crystal habit of the silica (megaquartz, 
microquartz, chalcedony) might have resulted from changes in 
rates of nucleation and growth, that are related to changes in 
concentration of silica in solution. Extent of silicification of 
fossils of different organisms was likely controlled by differences 
of permeability of skeletal materials. Silicification favored 
preservation of fossil structural detail; calcification, without 
prior silicification, destroyed such detail. 
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